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(g) Hardenable resin composition. 



@ Hardenable resin compositions useful in forming hard permeable masses in remote locations or 
zones, comprise a hardenable poiyepoxide resin, one or more substantially water immiscible diluents 
present in said resin composition to lower the viscosity thereof, and a hardening agent comprised of the 
adduct formed by reacting an aliphatic amine with the condensation reaction product of eplchlorohyd- 
rin and blsphenol A. 
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This Invention relate* to a hardenable resin composition. 
. ^"^^J™ for consolidating particulate materials Into hard permeable masses have h«n 
developed and used heretofore. In the oH Industry, resin composition, and methc^^I^ti^l^ 
terials coated therewith am used, for example, to form haidoermeahta ™Tl ^ \T P"tfcutate ma- 
containing too- or ^competent sands whlc! "^^iTS^ 
m-bie masse, formed by the consolidated parEEto J^^^^ SZ^ < !^ 
incompetent sand. when placed between the producing formats and th. Z^Z^Z t^ZZ 

M «»«hnlque which ha. heretofore been utlized successfully for forming a consolidated oermeahi* n»r 
^,3w?hs^:-t^rj^ Udnfl f0rmatto " thr^nTanTadjac^; 

P^^^Jfc^" " M,in 00 th0 deP08ted Mnd * — * "-"ton whereby «U permo^ 

liquid, uncosted particulate material, a resin composition which will subse«Whe^n and t^^L Jl 
agent are admixed whereby the particulate matortal Is corrtlnuou* S lh ^o^ 
ponded in the gelled aqueous carrier liquid. ™* n Compo8ltlon ^ «us- 

While the methods and compositions disclosed In Patent No. 4,829,100 have bean >m~4 * „ ... 

preferred hardening agents, I.e., hardening agent, including n^hvfone Alanine h™ h^T^TL ,^ the 
clnogenlcand therefore hazardous to personnel and to Zin^^nl^T T " d tobecar - 

wrJS^I^^J? * n lmpfOVad hardanaWe rMln ^Position which is ton hazardous to pemonrml 
which Is compatible with other components utilized In subterranean formation treatlno fhM^A IS!!! ' 
the resin composxlor, to raploly hsrd.n and develop high strength In 1^^^^ causes 

comP^rrS?^ 

the viscosity thereof to . desired level and a hardening agent ^X^^^^^l^ 
aliphatic amine *th the condensation reaction prodit of epSSoCS ^S^tl!SZ 
agent is non-carcinogenic and I. compatible with meet compon.nl. utlllzad In siSsna^lS^ * 
pletton and stimulation fluid, including oxidative gel breaker.. subterranean formation com- 

The above-described resin composition can be dispersed in a aalladaaimnu./*»i_ii u . 
tlculato material and a surface active agent whereby ^^^^^"S^ " 
sitton and suspended In the carrier liquid. The resting cWpSlton oTto j^fSlJl? ? ^ 
particulate material in a subterranean zone between a hvdrocartor ^ro^Jrt^tl ^ W8,n ""^ 

to prevent the migration of loos, or incompetent material in the P^^l^Z^^^T^ 
duced t h-efrom. The gelled aqueous liqtjid composition «lJEJZ22d^^ T 
be utilized in stimulation procedure, such a. in subterranean formation T^L 
^o^bypla^tneresfoc^ 

Method, of continuously forming and suspending consolidat fale resin coated particulate m*^* ;„ - ^. 
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solldated have been known and used heretofore. U.S. Patent No. 4,829,100 to which reference should be made 
for further detale, discloses such resin compositions and methods. However, the hardening agents most com- 
monly utltzed in the resin compositions used for carrying out the methods described in Patent No. 4,829,100, 
Le. f hardening agents Including methylene dianilne, present several problems. The most severs problem is 
5 that methylene dianilne has been found to be a carcinogenic material and therefore it constitutes a hazard to 
personnel. 

Another problem with the use of hardening agents comprised of methylene dtanfline is that methylene dia- 
nMne is incompatible with other components utilized In subterranean formation completion and stimulating 
fluids. For example, gefled fracturing fluids often include delayed gel breakers of the oxidative type such as 

10 sodium pereulfata. Methylene dianBlne adversely reacts with such oxidative compounds to diminish or extin- 
guish their ability to function as gel breakers. 

Aliphatic and cydoaliphatta amines are well known in the art as hardening agents for epoxy resins. Such 
amines are readiy available and produce excellent hardening results. However, aliphatic and cycloaliphatic 
amines are either soluble in water or form emulsions In water whereby they do not function well in the presence 

15 of water. That is, the solubility or emulsifying tendencies of amines in water tends to cause amines when used 
as hardening agents to be separated from the resin thereby diminishing the resin hardening process caused 
thereby. 

The hardening agents of the improved resin compositions and methods of the present Invention are com- 
prised of certain adducts of aliphatic or cycloaliphatic amines. The adducts do not prevent the amines from 
20 producing rapidly hardened epoxy resins of excellent strengths, but they do obviate the problems associated 
with water solubility or emulsif Ication described above. 

An Improved hardens ble resin composition of the present Invention Is comprised of a hardenaWe polyep- 
oxide resin, one or more substantially water immiscible diluents present in the resin composition In amounts 
sufficient to lower the viscosity of the composition to a desired level and a hardening agent comprised of an 
25 adduct formed by reacting an aliphatic or cycloaliphatic amine with the condensation reaction product of epi- 
chlorohydrln and blsphenoi A. The term "aliphatic amine" is used hereinafter to mean cycloaliphatic amines 
as well as straight or branched chain amines. 

While a variety of aliphatic amines can be utilized, preferred amines are those selected from the group 
consisting of ethylene diamine, Methylene tetramine, tetraethyiene pentamine, bia-(p-aminocydohexyl) me- 
$o thane, the diamines and triamines of cydopentane and the diamines and triamlnes of cyclohexane, e.g., 1 ,2- 
diamino cyclohexane and 1 ,4-diamino cydohexane. Of these, trlethytene tetramine, 1,2-dlamino cydohexane 
and 1 ,4-diamino cyclohexane are more preferred with 1 ,4-diamino cyclohexane being the most preferred. 

The adducts of the aliphatic amines are prepared by p re-reacting a selected amine with the reaction prod- 
uct of epichlorohydrln and blsphenoi A. The condensation reaction product of epichlorohydrln and blsphenoi 
da A can be represented as follows: 

CH, 

2 CH^HCHjCl + HO-^-C-^-OH - 



50 



epichlorohydrln 

CH, 

bisphenol A 



O CH, O 

CH^-^i - CH 2 - °^3" < [-C^~ 0 ~ CHj ' Crt/ "^ H ' + 2 Cl 

CH, 



When the condensation reaction product of epichlorohydrln and bisphenol A is reacted with an aliphatic 
amine, the adduct of the amine is formed. When the amine is, for example, 1 ,4-diamino cyclohexane, the ad- 
duct formation reaction can be represented as follows: 
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? H fjP". HHj * " « " «. - O^Vcl^o - CH - c&\, 

1,4-dIimino cyclohexane ^sT^-jW^ CH, - CH - £h, 

CH, 

°, H <=»> OH 

«*<>HH - CH, - ct - CH, - O^cj^O - CH, - JL - CH, - 

CH, 

^^^^ 



H 

of about 15,000 centipoises. cnemicai resistance, and has a viscosity 

r^. of from about 100 ^ ^ « «» 

preferably reactive with tha epoxy resin consonant with thTZZT*, Ona of such diluents to 

Th.~b.1antla«ywat* h SS^ 
from the group consisting of butyl olvcldvf *h-r ™. Z?Z<>? comprised of at least one member selected 

fljyddy. ether, whteh are mledbl. X^S^^S^ tSlSSS^S^ "* °* hW 
ether are th. mo« preferred. The re.ctlv.Xent or d uento are gT^^! ^ 8 ^^ 0 ^ 

The substantially water immiscibl. norwaactlve diluent Is prefere^MlSi *™ fh . 
of compounds having tha structural formula: P™Mrawy selected from the group consisting 



J o o 

or R| -l-ORfi-J-R, 



Ri - C — OR 



m 



wherein R to C n H tef1 in which n is an integer In the range of from 1 to about 5- R i* r w. * , 
to an Integer in tha range of from 1 to about 4, or R, Is ' 1 " C " H2n - 1 whewin 
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wherein y Is an Integer In the range of from 1 to about 4 and X is Independently H or OH; and R 2 is C.H* 
wherein a Is an Integer In the range of from 2 to about 5. 

Of the compounds failing within the above-described group, ethyl acetate, butyl lactate, ethyl lactate, amy! 
acetate, ethylene glycol diacetate and propylene glycol diacetate are preferred. Of these, butyl lactate is the 
5 most preferred. 

The substantially water Immiscible non-reactive dluent is generally present in the resin composition in the 
range of from about 4 to about 20 parts by weight per 100 parts by weight of the polyepoxide resin present 
Preferably, the non-reactive dluent Is present In an amount in the range of from about 8 to about 15, and most 
preferably, about 10 parts by weight per 100 parts by weight of the polyepoxide resin present 

10 Examples of other diluents which can be utilized are methyl alcohol and other low molecular weight alka- 
nots, tetrahydrofurfuryt methacrytate and ethyl acetate. 

The above-described hardening agent Ls H the adduct formed by reacting an aliphatic amine with the con- 
densation reaction product of epichlorohydrin and bisphenol A, Is generally present in the resin composition 
in an amount in the range of from about 20 to about 150 parts by weight per 100 parts by weight of polyepoxide 

1$ resin. Preferably, the hardening agent is present In an amount In the range of from about 40 to about 90, and 
most preferably, about 88 parts by weight per 100 parts of polyepoxide resin. 

The hardenaNe resin composition can also include retarders or accelerators as hardening rate controllers 
to lengthen or shorten the working and cure times of the resin composition. Low molecular weight organic acid 
ester retarders such as alky! esters of alkyf acids containing about 2 to 3 carbon atoms can be utlized. Suitable 

20 accelerators Include 2,4,8-trlsdlmethylaminomethylphenol, the ethyl hexonate salt thereof and weak organic 
adds such as fa marie, erythorblc, ascorbic, salicylic and malefc acids. When a retarder or accelerator is util- 
ized, it is generally combined with the resin composition In amounts up to about 10 parts by weight per 100 
parts by weight of polyepoxide resin. 

While the above-described hardenaWe resin composition can be utilized in a variety of applications, it is 

25 particularly suitable for use in oil and gas well completion and stimulation procedures. In such applications, 
the resin Is generally utilized to consolidate particulate material, either particulate material admixed with the 
resin composition and introduced into a subterranean zone by way of a well bore or loose or incompetent par- 
ticulate material contained within one or more subterranean formations penetrated by the well bore. In such 
applications, the resin composition preferably also includes a resin to particulate material coupling agent to 

30 promote bonding of the resin to the particulate material. A preferred such coupling agent is N-beta-<aminoe- 
thylHjamma-aminopropyttrimet hoxyslane. The coupling agent generally can be included in the resin compo- 
sition In an amount from about 0.1 to about 2 parts by weight per 100 parts by weight of polyepoxide resin. 

A composition of the present invention useful In forming a hard permeable mass In a remote location, e.g., 
a subterranean formation penetrated by a well bore, is comprised of an aqueous liquid, at least one hydratable 

35 polysaccharide gelling agent the above-described resin composition, particulate material such as sand and 
one or more surface active agents for promoting the coating of the particulate material wit h the resin compo- 
sition. 

The aqueous liquid can be fresh water, brine or sea water. A variety of hydratable polysaccharide gelling 
agents can be utilized having molecular weights in the range of from about 100,000 to 4,000,000, preferably 

40 from about 600,000 to 2,400,000. Preferably, the polysaccharide polymer gelling agents are cellulose or guar 
derivatives. The polymers Include substltuents such as hydroxy ethyl to give the necessary water hydration 
and gel characteristics to produce a clear aqueous gel having a viscosity of at least about 30 centlpolses (read- 
ing on a Farm V.G. meter at 300 rpm). Preferred such polymers include substituted carboxy and hydroxy alky! 
cellulose, such as hydroxyet hylceilulose and carboxymethyihydroxyethyicellulose, and substituted hydrox- 

45 yalkyfguar, such as hydraxypropylguar. The most preferred polysaccharide polymer gelling agent is hydroxy- 
propyiguar having a molecular weight in the range of from about 100,000 to about 4,000,000, and having a 
propylene oxide substitution (MS) of about 0.1 to about 0.7 moles of propylene oxide per mole of man nose 
and galactose in the guar. 

The surface active agent for promoting the coating of the particulate material can be one or more cat ionic 
so surface active agents or one or more non-ca ttonic surface act ive agents, or one or more of both. As used h erein, 
s noncationic surface active agent includes a blend of anionic and non-ionic surface active agents. 

Useful cation ic surface active agents Include the reaction product of an alcohol, epichJorohydrin and trfe- 
thyfenediamfne wherein monohydric aliphatic alcohols having in the range of from about 12 to about 18 carbon 
atoms are reacted with from 2 to 3 moles of epichlorohydrin per mde of alcohol folowed by reaction with an 
55 excess of triet hytenediamine. The alcohol-epichJorohydrin reaction product contains an ethoxyfation chain hav- 
ing pendent chlorides. The subsequent reaction with triethyfenediamine provides a cation ic and a tertiary 
amine functionality to the resulting product 

The non-cat ionic surfactants are preferably ethoxyfated fatty adds produced by reacting fatty acids con- 
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20 



28 



38 
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talning from about 12 to about 22 carbon atom* l 

mo., of add. moat p^tera^ ^12^1^?^^ 2 )mO ' M0 ' <** 

when*, th. wight ratio of cation* agan* SnorJcStoSs InThl^ ^J" 0 "* aflent ^bad above 
to 1 and preferably about 0.6 part. bywalgS ca^ltS ^ * ,h « ™ fl e of from about 0.4 

h the weight ratto c4 ^propyl alcohol tonTcX^ 

1 part by weight non-cationic agent ^ " the btend about 1 part by weight alcohol per 

10 When the gelling agent used herein fa a galactomannan mm a nm«»r w ^ 

compriwd of alcohol, e.g.. amyi alcohol, the^SoiTaZJ d^LJT^ aflant to a blend 

ecrlbrt above wherein the wight ratio of catS^te aoe^^ ££5??™ ™* th * nWH:at,onlc oV 
Oto 1 and preferably about oi part, by ^tcSZ^Z^T SiS ^ " in th * <* 

u-a^a^^'^g^ 

aaccharid. polymer utilized in an amount in the rawe^tel^^ ^ ******* contain, the poly 
gallon, of wef, Wne or see water whereby th ^eZa^ ^ 120 '"■■'P*»n«r per ?SJ 

1 0 centlpolses to about 400 centlpolses Most31™bi?^' S " " VteCC9,ty ln th « of from about 
3?*-^aOI*ofg^ 

about 1 5 to about 1 00 cantlpobe* Ae 0 well uZ^Tt^2 .k^T*^ J ' <" *«" 

can be croeellnked to Increase Its viscosity and .S/ " ,hS the 8 e,,ed "quid 

The composition Is transported to a remote kratinn ~ 
ta to * d «PO»^ and coneoKSo Fo^l^Tc^^^ T "* Partculate 
zone penetrated thereby adjacent a hydrocarbon pVodtc^SLf* ! P " mped a well bore into a 
the gelledaqueou. liquid to cause « «c T ^vertTa SS i?^' indu ** 
matrta. rsaohe. the location of the zone. While a^^ S^^T ^ COated parttauteto 
be utilized an oxidative type of breaker such as ao^penSatoll^^ « « well known in the art can 
are genaraHy Included in the composition In an anx.^ ^ oMati ™ °« breaker, 

pounds per 1000 gallon, of gelled aqueous cer r^T. W but ttl ZSLl ***** 0 6 pound ' to about 50 
time period requfred between when the gl^ak- 5E£S and^^*"?"* dapdnd " upon "»'P«*>c 
the amount of gel breaker shorten such tlrm^ A ^ nt ^^T t ^ T * Incn "«" *" 
c^re^oracol^ 

T^?. 0 "" •P^bydrfn and bisphend A 7* rM,n ^P^ion is 
of about 46% by weight of the con^ttto^aubateSyTto^^S^ COmpo9,tlon an amount 
fllycktyl ether is pre^nt In the composition In an a^oTaboS^S *£^ d »^comprtoed of butyl 
^ftte non-r^otlv. diluent compn^ed tW^Z^^J?™^™', " " b *"** wa2r 
6% by weight A hardening agent comprised of the addud : ^JT^ 1 "" 80 rf about 

the condensation reaction product of SoMon^^^ cyclohexane with 

an amount of about 35% by weight AnTbW(a2^ ,ha nw,fl -mpoltton in 

agant I. present In th. composition In an amouTo^boutl^^ coupling 
sthythexonato salt of dirnethylaminomethylphenoi tomrt ^ ^ ES2 accel*ator comprised of the 
5% byweiflht of t he composition. Thi. rJn^ait^ av^T^^ in an *™*nt of about 

- propped r, a separate contains by mbdng th. potyTpod^^^hTK com P«*fon deecrlbed above 
diluent or diluent, used and the hardening agentrXCu.^^ 

•nabterwln oompcltion. particulate nJLZZm mi i^^^^^ aou ~ u « th. hard- 
«• conducted to « contlnuou. mixing apparatoTwhere^h!^^^ and "^^ ^ ^er 

ba^r^ncon^^^ 
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tinuously pumped from the mixing apparatus to the remote location where the resin coated particulate material 
Is to be deposited and consolidated into a hard permeable mass, e.g., a subterranean zone penetrated by a 
well bore. As is wel understood by those aklled In the art, the zone may first be conditioned by preflushlng 
with a suitable conditioning liquid and/or after flushes may be used to insure uniform placement consolidation 
and maximum per meabllty of the deposited resin coated particulate material. 

In order to further liustrate the compositions and methods of the present invention, the following example 
is given. 



Example 

Tests were performed to illustrate the differences resulting from the use of the compositions of the present 
invention including 1,4-diamino cydohaxane-bisphend A adduct hardener and compositions including methy- 
lene dianiline hardener and unmodified amine hardener. The aqueous gel in all tests was comprised of 0.5% 
by weight of a commercial guar gelling agent and 2% by weight KO in tap water. In addition 0.3% by weight 
of a blend of surfactants to promote coating of the mixed epoxy resin onto the sand was included In the gel. 
This blend was approximately 18% by weight cocobetaine, 25% by weight isopropand, 29% by weight water, 
10% by weight of a mixed ethoxyfatad (7 moles E.O>) phenol resin, and 18% by weight isoamyl alcohol. The 
resin compositions which were tested are as follows: 



Resin #1 ~ Resin qomposjUpn inciting Methylene panning 
Havener 



Bisphenol A epoxy resin 

butyl glycidal ether 

Silane A-1120™ (Union Carbide Co.) 

TONOX-22™ (UN I ROYAL Chemical Co.) 

(eutectic mixture of methylene 

dianiline, i.e., 78% by weight, 

and higher mole weight 

homologies) 
methyl alcohol 
butyl lactate 

ethyl hexanoic salt of 2,4,6, tri- 
( methy 1 -N-d ime thy 1 ami ne ) 



100 parts by weight 
12 parts by weight 
2 parts by weight 



35 parts by weight 
25 parts by weight 
6 parts by weight 

6 parts by weight 



Reg in #2 — Resin Composition of the Present Invention 



Bisphenol A epoxy resin 
butyl glycidal ether 
Silane A-l^o*" 

l-4,diaminocyclohexane adduct of 

bisphenol A epoxy 
methyl alcohol 
butyl lactate 

ethyl hexanoic salt of 2,4,6 tri- 
( methy 1 -N-d ime thy 1 ami ne ) 



100 
12 
2 

64 
49 
6 



parts 
parts 
parts 

parts 
parts 
parts 



by weight 
by weight 
by weight 

by weight 
by weight 
by weight 



6 parts by weight 



The ethyl hexanoic salt of 2,4,6 bi(methyl-N-dimethyiamine is available from Air Products Co. as a com- 
mercial product (Anchamine KSiB 1 *). 

The bisphenol A resin Is available from Shell Chemical Co. as EPON 828™. The mixture of bisphenol A 
epoxy resin and butyl glycidal ether is available from Shell Chemical Co. as EPON 815™. 
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l-4,dia,.inocyclohaxane J ££3 £ SffilJ 

ethyl hexamoic salt of 2,4,6 tri- P Y Clght 

(mathyl-M-dimethylaBine) 2 parts b We - 



J 9 * a,urriM *** W"^ u *' n fl 250 cc of aqueous gal containing surfactant 250 g of 20/40 mash ottaw 
sand. 7 6 cc of ona of tha resin formulations daacribad above and a breaker. 0.024 g of saJlun^auST 
Finally, in some test, a breaker accelerator. 0.1 cc of Methanol amine wee used. Also, Insome Za^o^ 

The slurriee were stirred for 1 minute and then poured into one or more tube, for consolidation of the sand 
^,^7L fllaM ^ - with a moid relea^ agent and stopper at one end. The sandTn eac^ Try 
^J^c^T*^ dOWn ' dan,ped under preesure and then allowed to cureTa waS 

l J,f L I 0 ^ A f eParato amount * eacn wa> P 1 — " -Parate contain^ « 
St^I^^^ TZ!" tha t,me reqUlred fw the »" break After curing, tha sand Z^Z 
datlons contained In the glass tubes were removed by brBaking the tubes and tested for compressive stoirth 
using a nnus-oisen press. The results of these testa are aiven in the Table whfeh 



The results of these testa are given in the Table which follows. 

T«bl« of an nTr"I*T 



Reelp 


Gel 


Sodium 
Peraulfate 
Breaker In 

Slurrv 


Triethanol 
Amine 

in slurry 


#1 


no 


yes 


no 


#1 


no 


yes 


yes 


#1 


yes 


yes 


yes 


#2 


no 


yes 


no 


#2 


no 


yes 


yes 


#2 


ye* 


ye» 


no 


« 


yes 


yes 


yes 


#3 


no 


yes 


no 


#3 


yes 


yes 


ves 



Compressive 
Strength 


Gel Break 
- fUrs.) 


1500 


no break 


1600 


no break 


100 


no break 


900 


20 


800 


3-4 


170 


16 


600 


3-4 


none 


no break 


no coating 


3-4 



Claims 



2. A composition according to claim 1. wherein the amine la ethylene diamine. Methylene tetramine. tetra- 
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ethylene pentamlne, bls<p-aminocyclohexyl) methane, a diamine ortrlamine of cydopentane, or a diamine 
or trtamJne of cydohexane. 

S. A composition according to daim 2, wherein said amine is Methylene tetramlne, 1 ,2-diamino cydohexane 
or 1,4-diamino cydohexane. 

4. A composition according to daim 1 ,2 or 3 wherein the pdyepoxlde resin comprises the condensation re- 
action product of epichtorohydrin and bisphend A. 

5. a composition according to daim 4, wherein said one or more substantially water immlsdde diluents in- 
clude a reactive dluent selected from butyl glyddyl ether, creed glyddyl ether, aHyl glyddyl ether, phenyl 
glyddyl ether, butyl diglyddyl ether, resordnd digtycidyf ether and mixtures of two or more thereof. 

e. A composition according to any of daims 1 to 5, wherein said one or mors substantially water Immiscible 
dluents indude a non-reactive diluent selected from compounds having the structural formula: 

o 0 0 

II II II 

R«l — C - OR or R1 ~C - OR2O - C - R1 

wherein R is CnH^ in which n is an Integer of from 1 to 5; R, is CJW1 wherein m Is an integer 
of from 1 to 4, or R t is 




wherein y is an integer of from 1 to 4 and X is H or OH; and R 2 is CJ^ wherein a Is an integer of 
from 2 to 5. 

7. A composition according to any of daims 1 to 6, which also indude an aqueous liquid in which said hard- 
enable resin composition is dispersed. 

8. A composition according to dakn 7, wherein said aqueous liquid indudee a polysaccharide polymer gelling 
agent therein. 

9. A composition according to daim 7 or 8, which is mixed with particulate material suspended in said aqu- 
eous liquid, which particulate material is coated with said resin composition. 

10. A composition according to any of daims 1 to 9, which further indudee one or more surface active agents 
tor promoting the coating of particulate material with said resin composition, said one or more surface 
active agents including a non-cation ic surface active agent comprising at least one member selected from 
ethoxylated fatty adds produced by reacting fatty adds containing from 12 to 22 carbon atoms with from 
5 to 20 moles of ethyteneoxide per mde of fatty acid, and mixtures of said ethoxylated fatty acids with 
unreacted fatty adds. 
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